Introduction
There is evidence that skeletal muscles contain a crossbridge independent component that actin interaction, the force produced during and after stretch is higher than that observed at low 52 Ca 2+ concentration (11). A similar result is observed when intact fibers are stimulated in the 53 presence of a variety of myosin inhibitors; there is an increase in force that is independent of 54 crossbridge formation (1, 3, 4, 9, 41, 42) . Such increase in force after stretch has been referred to 55 as static tension. Although the mechanism behind the static tension is unknown, it has been 56 suggested that it is caused by a Ca 2+ -dependent increase in titin stiffness (1, 3, 4, 54) . The upon muscle activation (36, 51, 55) . If the residual force enhancement is caused by stiffening of 65 titin, it would be directly associated with the static tension. In this study, we evaluated the relation between the non-crossbridge, static tension and titin using 85 myofibrils isolated from the psoas, soleus and heart ventricles, which contain different titin 86 isoforms. We used a new system developed in our laboratory that allows testing the myofibrils 87 with a high spatial and time resolution (27) Myofibril preparation. Small muscle bundles of the rabbit psoas, soleus and heart ventricle 100 muscles were dissected, tied to wood sticks, and chemically permeabilized following standard 101 procedures used in our laboratory (10, 50, 56) . Muscles were incubated in rigor solution (pH = On the day of the experiments, small pieces of the samples were homogenized following 110 standard procedures (10, 50, 56) , which resulted in a solution containing isolated myofibrils.
111
The myofibrils were transferred to the experimental setup, which contained a system for 112 detection of atomic force cantilever (AFC) displacements (27) . With this system, a laser is 113 shined upon and reflects from the AFC, which acts as a force transducer. When an attached 114 myofibril is shortened due to activation it causes AFC deflection, which is detected and recorded 115 6 using a newly developed optical system with a high time resolution in the order of milliseconds 116 (27). Since the stiffness of the anatomic force cantilevers (K) was known and we measured the 117 amount of cantilever displacement (Δd), the force (F) could be calculated as F = K•Δd.
119
Isolated myofibrils were chosen for mechanical testing, based on striation pattern and number of 120 sarcomeres in series (between 8 and 30). Using micromanipulators, the myofibrils were attached 121 between the AFC and a rigid glass needle, which was used for length changes during the 122 experiments induced with a computer-controlled piezo motor. A multichannel fluidic system 123 connected to a double-barreled pipette (50, 56) was used for fast activation and deactivation of 124 the myofibrils. During the experiments, the position of the double-barreled pipette was rapidly 125 switching to change the solutions surrounding the myofibrils (pCa 4.5 and pCa 9.0, see below). 
141
(+/+) isomers of blebbistatin and showed that the active isomer inhibits force production while 142 the inactive isomer does not affect significantly the contractile properties of the rabbit psoas (11).
143
Throughout the experiments, the microscope room was maintained dark and a red filter (650nm) 144 was placed on the light source of the microscope, because blebbistatin loses its effectiveness 145 when exposed to wavelengths between 365nm and 490nm (57) . All experiments were performed 146 at 15°C. contraction for ~15-20 sec. After 3 min rest, the myofibril was activated again at 2.8µm, 3.0µm 158 or 2.0µm (psoas, soleus and ventricle, respectively). Finally, the myofibrils were set at 159 sarcomere lengths of 2.6µm, 2.8µm and 1.8µm (psoas, soleus and ventricle, respectively), 160 activated, and stretched (amplitude 0.2µm) after maximal force was stabilized during activation. Finally, the myofibrils were tested for passive force development. They were stretched passively After the first set of mechanical testing was completed, the fibers were treated for extraction of
171
TnC according to a standard protocol (11, 18, 38, 46) . Briefly, fibers were set at average Throughout the experiments, homogeneity of sarcomere length was accessed to detect potential 185 damage in the myofibrils. There was a non-uniformity among sarcomere lengths that was formed 186 during myofibril activation, but almost none during passive stretches, either before or after thin 187 filament removal, in pCa 4.5 and pCa 9.0. When non-uniformity of sarcomere lengths formed 188 during activation did not recover into a regular striation pattern before the next activation, the 189 experiment was stopped and the myofibril was discarded from further analysis. (44, 56) . For both equations, "F" is force, "t" is time, "K act " is the 211 rate constant for force development, "l" the second rate constant, "K rel " the rate constant for 212 force decrease during relaxation, while "a" "b", and "c" are constants.
213
The isometric forces and the static tension values in the three groups of myofibrils (psoas, soleus, and treatment with blebbistatin. Before treatment, the force developed rapidly upon myofibril 225 activation, reaching a plateau and stabilizing for as long as activation persisted. Note that the 226 signal:noise ratio in our myofibril system is very high, which allows us to evaluate precisely 227 small changes in myofibril force. After treatment for depletion of TnC, thin filaments and 228 treatment with blebbistatin, there was virtually no force produced by the myofibril when it was 229 exposed to pCa 4.5. There were some detectable changes in the baseline signal towards the end 230 of the activation period, but not sufficient to produce significant levels of force. Mean (± SEM) 231 values for the isometric forces produced by the three preparations used in this study before and 232 after blebbistatin are shown in Table 1 , and confirm the results presented in Figure 1 .
234
The force produced during activation is well within the range observed in other studies 235 performed at similar temperatures (24, 45, 49, 50, 56, 65) . The force produced by psoas 236 myofibrils was higher than the force produced by soleus, and both were higher than that 237 produced by ventricle myofibrils. Furthermore, the rates of activation and relaxation observed in 238 myofibrils are similar to those observed in other studies (44, 45, 56, 58, 59, 64, 65) , and show shows isometric contractions produced at the corresponding final myofibril lengths, and traces 246 recorded when myofibrils were stretched at pCa 9.0 and pC 4.5 after blebbistatin treatment.
247
Before blebbistatin treatment, the myofibrils presented a typical behavior observed when skeletal 248 and cardiac muscles are stretched during activation; a fast increase in force was observed during 249 stretches. In the soleus and psoas, the increase in force was followed by an exponential decay 250 until it stabilized at levels that were higher than those produced previous to the stretch, and 251 higher than the force produced during isometric contractions at corresponding lengths. This 252 increase in force is referred to residual force enhancement (51). In the ventricle myofibrils, the 253 force decayed abruptly after the stretch, to then developed to a new steady state. Importantly, the 254 ventricle myofibrils did not produce a residual force enhancement. The force produced when the 255 myofibrils were stretched in pCa 9.0 follows the same pattern as that observed previously (56).
257
Figure 2 also shows that the force was increased in response to the stretch performed in pCa 4.5 258 after blebbistatin treatment, as it has been shown before (11, 37). The relative increase in force 259 after stretch is different in the three muscles: it increased beyond the force developed during 260 stretches produced at pCa 9.0 in the psoas and soleus muscles, but not in the ventricle muscle.
261
The increase observed in the skeletal muscles is characteristic of the static tension previously 262 observed in skeletal muscle fibers (3, 4, 11, 42) . The results were confirmed statistically,
263
showing that the static tension is dependent upon muscle type. It increased the force by 4 ± 0. The regulation of passive forces by titin in striated muscles rises from different elastic segments 296 arranged in series in the I-band region. In this region, all titin isoforms present two -actin (25, 33, 39, 68) , this hypothesis is tempting.
355
In fact, it has been shown that the binding of the PEVK domain of titin to actin can be modulated 356 by S100A1, a member of the S100 family of EF-hand Ca suggested by previous researchers (11, 41, 51, 52, 54) .
386
Regulation of the passive force-SL relation. The relations between passive force and SL 387 observed in our experiments, and the range in which SL were tested, are similar to previous 388 studies using isolated myofibrils and fibers from striated muscles (19, 40, 48) . Within this range, reported previously (40, 48), which provides confidence that the myofibrils were healthy. The 392 difference in the passive force-SL relations is commonly correlated to titin isoforms (25, 29, 30, 393 32). In skeletal muscle myofibrils the passive force starts to develop in longer lengths than in 394 cardiac myofibrils. Furthermore, a lower passive force is observed in soleus myofibrils when 395 compared to psoas myofibrils. This result strengthens the notion that striated myofibrils can 396 achieve lower or higher stiffness by expressing longer or shorter titin isoforms, respectively.
398
Most importantly, we observed a small but significant upward shift in the passive force-SL 399 relation in skeletal muscle myofibrils treated with rigor-EDTA, gelsolin and blebbistatin in pCa permeabilized mammalian fibers (11, 26) , and intact mammalian fibers (41) . In one particular 412 study, we investigated the static tension and changes in non-crossbridge forces in permeabilized 413 fibers that were treated sequentially for TnC depletion, crossbridge inhibition, and finally thin 414 filament depletion (11). The levels of static force were not changed over all treatments, and were 415 similar to the levels that we detected in the current study. The results are strengthened by 416 experiments conducted with amphibian fibers using a wide range of mechanical and chemical 417 interventions to block crossbridge formation that also reported the presence of the static tension 418 stretch, in levels similar to ours (2, 4, 41, 42) .
420
The conclusion that the static tension and the changes in the passive force-SL relation are which allows the detection of small force differences during the experiments. During the 466 stretches in pCa 4.5 the force increased substantially, and after the stretch the force decreased to 467 attain a steady state that was higher than the force obtained during isometric the contractions at a 468 similar length. During the stretches in pCa 4.5 after the myofibrils were treated with rigor-469 EDTA, gelsolin, and blebbistatin, the force was higher that that produced during stretches in pCa 470 9.0 for the psoas and soleus muscles, but not for the ventricle muscle. 
